Five cases of mesolows accompanying heavy rainfall in the Mei-Yu season of 1985-1987 were studied. Data used consisted of the 3-h surface observations and the 3-h infrared digital data of the cloud top temperature observed by the Geostationary Me teorological Satellite of Japan. A composite techniCJue was used to obtain the structure or each individual mesolow, the structure at the different life stages, and the structure for the different space scales. The composite fields included pressure, temperature, dew-point depression, streamline and isotach, vorticity, divergence, mean cloud top tempt,!rature, and freCJuency of deep convections of different cloud top temperature.
INTRODUCTION
One of the major findings of an early study on the mesolow in the Taiwan Mei-Yu season by Chen (1978) was a positive correlation existing between rainfall amount and mesolow frequency to the west of the Central Mountain Range (CMR). The maximum cyclogenesis frequency of the mesolow to the west-of the CMR was observed over the northwest and southwest of Taiwan in that study. After the presentation of Chen's (1978) paper, the mesolow and the associated rainfall became one of the major interests in the mesoscale study in the Taiwan Mei-Yu season (Chen, 1992) .
A close relationship between the heavy rainfall and mesolow was observed over north western Taiwan by Chen and Chi (1980) . It was suggested that the mesolow over that area probably served as a mechanism for producing heavy rainfall through enhanced southwester lies. A case study by Chen (1979) showed that the enhancement of convective rainfall was closely related to the mesolow formation and the accompanying wind changes over south western Taiwan. This relationship again existed in a recent study by Chen (1990) using 18 cases of heavy rainfall events accompanying mesolows on the west side of the CMR in [1983] [1984] [1985] [1986] [1987] Mei-Yu season. In that study the rainfall rate and radar echo intensified substantially during and after mesolow formation. The intensification was suggested to be due to the increase of local convergence which was caused by the increase of pressure gradient and low-level winds to the south of the mesolow.
A case study by Chen (1979) showed that a mesolow on the west coast of Taiwan had a horizontal scale of 200 km and was characterized by strong cyclonic vorticity, horizontal convergence and boundary layer upward motion. Chen and Yu (1990) found the mesolow over southwestern Taiwan was quite shallow (limited to the lowest 1.6 km) with a horizontal scale of 150 km and was responsible for determining the intensity of heavy rainfall in southern Taiwan.
One of the very important issues of the mesolow is the formation mechanism in different geographic areas to the southwest and the northwest of Taiwan. For the mesolow over northwestern Taiwan, a modelling study by Chem and Sun (1989) suggested that the formation is due to subsidence warming and lack of cold advection under the prevailing northeasterly flow to the north of the Mei-Yu front. On the other hand, results of a non-linear semi geostrophic modelling study by Lin (1989) sugggested that the formation of rnesolow over northwestern Taiwan under the prevailing southwesterly barotropic flow was due to diabatic cooling effect which increases the convergence in the mesolow area. For the rnesolow over southwestern Taiwan, observational studies suggested that both the convective latent heating (Chen, 1990 ; Chen and Yu, 1990 ) and lack of cold air due to the flow blocking by the CMR (Chen et aL, 1989; Chen and Hui, 1990 ; Chen and Liang, 1992) are possible formation mechanisms. Numerical study by Lin (1989) using a non-linear semi-geostrophic model, on the other hand, suggested that a possible mechanism might be diabatic cooling effect which increases convergence over the mesolow area under the prevailing northwesterly baroclinic flow.
From the previous studies, a close relationship was found between the heavy rainfall event and the existence of mesolow to the west of the CrvtR. However, the questions such as detailed structure and dynamic processes of the mesolow as well as the specific dynamic link between the convection and the mesolow remain unanswered and need for further research. The purpose of this paper is to study these questions by using the composite techinque for five cases of rnesolow which accompany heavy rainfall in the Taiwan Mei-Yu season of 
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Among the 15 cases of mesolow accompanying heayy rainfall, analyzed by Chen and Yu (1988) in the Taiwan Mei-Yu season of 1985-1987, 5 cases were selected in this study mainly because these lows had better data coverage and better organized cyclonic circulations. Data tlsed in this study consisted of the surface weather maps analyzed by the Japan Meteorological Agency (JMA) and the Central Weather Bureau (CWB); the 3-h observations at the surface stations of the CWB, the Chinese Air Force (CAP), and the Civil Aeronautics Administration (CAA); the 3-h ship reports over the adjacent ocean; and the 3-h infrared digital data of the cloud top temperature observed by the Geostationary Meteorological Satellite (GMS) of tht; JMA. Reanalyses of the surface pressure and streamline were fi rst carried out to better locate the mesolow in the area of 21-26°N and 118-124°E. A mesolow here was defined when (1) a low pressure with closed isobar can be identified when analyzed at 1 hPa intervals or (2) a low pressure can not be analyzed with closed isobar at 1 hPa intervals, but a cyclonic circulation can be identifi ed near the relatively low pressure area. Based on the damage consideration, the criterion of heavy rainfall, greater than 60 mm within 6 h, used by Chen and Yu (1988) was adopted in this study. The case period and the formation region of 5 mesolows selected and the relative position of heavy rainfall occurr ence with respect to the mesolow are summarized in Table  1 . Case 2 and case 5 originated to the west of 118°£ then moved into Taiwan area to affect the central and northern Taiwan area. Case 1 formed to the northwest of Taiwan; cases 3 and 4, to the southwest. The heavy rainfall occurred to the south of mesolow for cases 2 and 5, and over the mesolow area for cases 1, 3, and 4. The mean duration for these 5 cases was 17 h, somewhat longer than 12-15 h obtained by Chen (1978) and Chen and Yu (1988) .
All the fields, such as wind, pressure, temperature and humidity were subjectively analyzed and digitized at 0.25° longitude by 0.25° latitude grids within a 3° longitude by 3° latitude region centerd at the cyclonic center of the mesolow. The GMS infrared cloud top temperatures were obtained at 0.2° longitude-latitude grids. To define the different life stages of a mesolow, three parameters were obtained. These are the mean and maximum wind speeds over the cyclonic circulation area of a mesolow and the mean relative vorticity near vortex center, as obtained by averaging 4 grids over the center. Table 2 shows the variations of these parameters for each case and the classification of life stages. The different 537 life stages were defined by the following criteria: (1) The time period covering the time of a substantial increase to the time of a substantial decrease of three parameters was classified as the mature stage� the earlier time period as the intensifying stage and the later time period as the decaying stage.
(2) When the variation of one of the three parameters was not obvious or differed from the other two, the life stages were then defined mainly by the other two parameters.
(3) When the time period could be classified into either one of the two stages, it was assigned to the stage which had fewer time periods. Although the surface data coverage was reasonably good for the mesoscale analyses over Taiwan area, it was relatively sparse over the adjacent ocean even considering all the available ship reports. To alleviate this prnblem, the composite technique was employed to cover the entire life period for each individual mesolow case. Hopefully, the similarities and the differences among various mesolows can be identified. To better understand the structure and dynamic processes during the life time of a mesolow, composite technique was used for each stage as classified in Table 2 . The horizontal scale, as defined by the cyclonic circulation area of mesolow, can either be varied from time to time for one case or differed among cases as indicated in Table 3 . Thus, the composite technique was also applied to the meso-o: (> 200 km) and meso-,8 ( < 200 km) scale lows to reveal the possible differences between these two scales. Once the composite streamlines and isotachs were obtained, the horizontal divergence and relative vorticity fields were then computed using a centered finite difference scheme. All the composite fields were presented and discussed within a 2° longitude by 2° latitude region centered at the cyclonic mesolow center, although the subjectively digitized data covered a much larger region.
COMPOSITE STRUCTURE OF INDIVIDUAL CASE
The composite fi elds, such as pressure, temperature, temperature dew-point depression, streamline, isotach, vorticity, and divergence, were obtained based on the 3-h surface obser vations . The surface temperature reflected the elevation effect besides the mesolow structure and the distribution of the temperature dew'-point depression was rather similar among cases and relatively uniform over the mesolow area. Thus, the composite temperature and humidity fi elds will be discussed, but they will not be presented. The composite cloud fields derived from the GMS infrared cloud top temperatures included the mean cloud top temperature, the frequencies of deep convections with cloud top temperatures < -32°C, < -52°C, and < -61°C. Although all of the cloud parameters will be discussed, only the mean cloud top temperatures will be presented here.
3.1 Case 1: 28-29 May 1985
Composite fields of case 1 are presented in Figure 2 . In this case, the mesolow formed over northwestern Taiwan (Figure 1 ) and the heavy rainfall occurred over the mesolow area (Table 1 ). The horizontal scale of the pressure field was rather small with a relatively small perturbation amplitude (the difference of center pressure from the environment mean), being about 1.5 hPa. However, the surface front can be identified by the pressure kink, in agreement with the original surf ace analyses. The high pressure ridge to the south of the low center was a reflection of the pressure reduction with a temperature trough (not shown) over the same area. Relatively warm and moist air prevailed over the center and its immediate vicinities (not shown). ·-2' _,.
,. ms-1 ), in (c) positive vorticity greater than 1 x10-4s-1, and in (d) convergence greater than -0.5 x 10-4 s-1.
Cyclonic vortex, centered at the low center, was quite clear under the large-scale pre vailing northeasterlies. The horizontal scale as delineated by the composite pressure and streamline for this case was on the order of 100 km. The maxinmm wind (14 kj) and the maximum gradient in the prevailing northeasterlies to the northeast of the center were mainly due to the land-sea differential friction as the low center located to the northwest of Taiwan. Cyclonic vorticity was a maximum near center (2 x 10-4 s-1) with a NE-SW oriented axis approximately over the pressure trough/front area. Horizontal convergence prevailed over the mesolow area with a maximum value of-1 x 10-4 s-1 to the north of the center. Over the low center, the mean cloud top temperature was a minimum (-32 ° C) and the frequency of deep convections was a maximum (npt shown), consistent with the heavy rainfall occur rence within the mesolow area. The deepest convection (< -70°C) only occurred over the low center, indicating the important role of the mesolow circulation in producing the heavy rainfall over the mesolow region in this case. Composite fields of case 2 are presented in Figure 3 . In this case, the mesolow originated to the west of ll 8°E then moved eastward into central western Taiwan (Figure 1 ) and the heavy rainfall occurred to the south and southeast of the low center (Table 1 ). The horizontal scale of the pressure field was rather large with a relatively larger perturbation amplitude, being about 2.5 hPa. The NE-SW oriented front can be located by the pressure trough, in agreement with the ' frontal wave structure in the original surface analyses. The warm tongue extended from the southwest into the low center and the moist air prevailed over the south and southeast area (not shown). Cyclonic vortex, centered at the low center, over the mesolow area had a relatively large horizontal scale of 350 km. Wind speeds were weaker to the northeast of the low c enter but stronger to the northwest as compared to the case 1. Cyclonic vorticity was a maximum near center (2 x 10-4 s-1) with a NE-SW oriented axis approximately over the surface front. Horizontal convergence prevailed over the mesolow area with a maximum value of -1 x 10-4 s-1 to the south and southwest of the center. An area of the minimum mean cloud top temperature was located to the south and southeast of the center. Over the sarrie area, maximum frequency of the deep convections was also observed. Therefore, the heavy rainfall occurred to the south and southeast of the mesolow center where the moist air and the deep convections were also observed.
Case 3: 13-14 May 1986
Composite fi elds of case 3 are presented in Figure 4 . In this case, the mesolow formed to the southwest of Taiwan (Figure 1 ) and the heavy rainfall occurred over the mesolow area ( Table 1) . The pressure fi eld was rather weak with a perturbation amplitude of about 1.5 hPa.
The high pressure ridge to the east and northeast of the low center was again a reflection of the pressure reduction problem over the high terrain. This is consistent with a temperature trough over the same area. Warm and moist air prevailed over the center and its vicinities.
Cyclonic vortex over the mesolow area, although small in scale, was quite evident. The horizontal scale as delineated by the composite pressure and steamline was on the order of 150 km. The weaker winds over the eastern region and the stronger winds over the western region reflected the land-sea differential friction and the blocking effect of the CMR under the prevailing low-level northeasterlies. Both the cyclonic vorticity and convergence reached a maximum near the mesolow center, in agreement with the heavy rainfall occurrence. The eastern mountainous region had minimum mean cloud top temperatures and maximum .
,. ,. Fig. 3 Same as Fig. 2 , but for the case 2 mesolow during its life period of 1200
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frequency of deep convections (not shown), indicating possible heavy rainfall occurrence over the same area. There was a tendency for stronger deep convections (i.e. lower cloud top temperature) to occur near the center. Thus, the heavy rainfall not only occurred over the mesolow area but also possibly prevailed over the CMR where the surface observations were not available.
Case 4: 6-7 June 1986
Composite fields of case 4 are presented in Figure 5 . Similar to case 3, the mesolow formed to the southwest of Taiwan (Figure 1 ) and the heavy rainfall occurred over the mesolow area in this case (Table 1) . Although the composite structure was similar to that of the case 3, this mesolow was quite weak with a perturbation pressure of 1 hPa and the horizontal scale was about 180 km. The maximum cyclonic vorticity (1.5 x 10-4 s-1) and maximum convergence (-0.5 x 10-4 s-1) over the center were also somewhat weaker than those in the case 3. The minimum mean cloud top temperature and the maximum frequency of deep convections were, again similar to those in the case 3, observed to the east of the center. However, the stronger deep convections had a tendency to occur near the center.
Case S: 24-25 June 1987
Composite fields of case 5 are presented in Figure 6 . Heavy rainfall occurred to the south of the mesolow center. Although this mesolow originated to the west of 118°E, it aff ected northwestern Taiwan for most of its life span. Thus, the composite structure was quite similar to that of the case I as would be expected. The horizontal scale of 200 km and perturbation pressure of 2 hPa were somewhat larger than those in case 1 (100 km; 1.5 hPa).
Both the cyclonic vorticity and convergence had a maximum over the center with an axis oriented in a NE-SW direction extending towards southwest. The minimum mean cloud top temperature and the maximum frequency of deep convections occurred to the south of low in agreement with the heavy rainfall observation.
Differences and similarities
Since each of the 5 mesolows discussed above was associated with a cyclonic vortex, it can be called a mesocyclone. From the composite structure, it is clear that differences and similarities existed among all of the 5 cases. The horizontal scale of the composite cyclonic vortex for each meso1ow was comparable to the mean size of vortex presented in Table 3 .
The migrating lows along the Mei-Yu front, such as case 2 and case 5, had a larger horizontal size as compared to those formed 1ocal1y to the northwest (case 1) and southwest (case 3, 4) of Taiwan. They had deeper center pressure (1001.5"-' 1002 hPa) and larger perturbation amplitude (2""'2.5 hPa), comparing to the center pressure of 1002""' l 006 hPa and perturbation amplitude of 1,.., ,, 1.5 hPa for the locally formed lows. Also, the mesolow with a larger horizontal size seemed to have longer life span. Theoretically, a geostrophic relationship between the pressure and the wind fi elds could not be expected for these mesoscale lows.
This was cleary illustrated in the composite pressure and wind fields. Although the cyclonic circulation over the mesoscale low/trough area as well as anticyclonic circulation over the mesoscale high/ridge area was quite evident, the importance of ageostrophic winds was clearly indicated not only over the land/mountainous area but also over the ocean. The circulation structure of case 1 was quite similar to that of case 5 with minor differences, reflecting the general environment in compositing wind field over northwestern Taiwan for both cases. This is also true in cases 3 and 4 for both of them were located over
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,. ,. southwestern Taiwan. Mesolows in cases 1 and 5 were embedded in the prevailing northeast erly flows with maximum wind(> 12 kt) located very close to the vortex center. Mesolows in cases 3 and 4. on the other hand, were embedded in the prevailing north-northeasterly flows with somewhat weaker maximum wind(> 10 kt) located to the northwest farther away from the low center. The different direction in prevailing wind as well as the weaker winds for the mesolows over southwestern Ta iwan indicated the important blocking and deflecting effects of the CMR. The blocking of the low level northeasterly cold air in the Mei-Yu season by the CMR was suggested as one of the possible mechanisms for the mesolow formation over northwestern (Chern and Sun, 1989 ) and southwestern Taiwan (Chen et al., 1989; Chen and Hui, 1990; Chen and Liang, 1992) . Another interesting feature of the composite circu lation in cases 1, 3 ,4 and 5 was that the wind speed was much stronger in the prevailing flow over the ocean. Thus, the shear vorticity, mainly attributed to the land-sea differential friction, perhaps was an important vorticity source for the formation and maintenance of the mesocyclone over northwestern and southwestern Taiwan. Cyclonic vorticity was a maximum over the mesolow center for all cases. An axis of maximum cyclonic vorticity oriented in a NE-SW direction, approximately along the Mei-Yu front, was evident for cases 1, 2, and 5. Horizontal convergence was found to have quite similar distribution and same order of magnitude to those of the cyclonic vorticity. Taking a typical value of convergence near center (-1 x 10-4 s-1 ), it takes the mesolow to double its intensity (in terms of cyclonic vorticity) within 2 h solely due to the vortex stretching process. The fact that this kind of rapid intensity change did not occur ( Table 2) suggests the importance of the surface frictional dissipation process in the mesolow dynamics. For cases 2 and 5, which had heavy rainfall observed to the south of the mesolow, convergence maximum prevailed over the center and the southwest. For cases 1, 3 and 4, which had heavy rainfall occurring over the mesolow, convergence maximum was observed mainly over the center area This seems to suggest that the surface boundary layer convergence plays an important role in regulating the behavior of convections, and thus the heavy rainfall. The distribution of mean cloud top temperature and frequency of deep convections, correlating with the heavy rainfall occurrence, appeared to support this argument.
COMPOSITE STRUCTURE AT DIFFERENT STAGES
As discussed in the previous section, the gross feature in the composite structure among all of the 5 cases exhibited similarities and differences. To reveal the general characteristics of the mesolow at its different life stages, composite structure was obtained based on the stage classifi cation presented in Table 2 . The distribution of the composite dataset appeared to be reasonably uniform at different stages. Although the composite structure for all the parameters was obtained, only that of the pressure, temperature, streamline/isotach, vorticity, divergence, and mean cloud top temperature will be presented here. The composite structure at different stages is illustrated in Figures 7, 8, and 9 . Similar tendencies of the mean wind speed, V, and maximum wind speed, Vmax, over the cyclonic circulation area and the mean relative vorticity, (, near the vortex center existed during the life cycle of the individual case presented in Table 2 and of the composite presented in Figures 7-9 . It is, therefore, reasonable to expect that the structure and evolution processes of the mesolow were well represented by this composite. The composite pressure showed an increase in gradient to the south of the low center and in perturbation amplitude from the intensifying stage to the mature stage and a decrease afterwards. The pressure gradient change was in agreement with the wind speed increase over the same area. The horizontal scale, as delineated by the cyclonic circulation
,.
2•
.. Fig. 7 , but at the mature stage .
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,. over the mesolow area, increased from 220 km at the intensifying stage to 270 km at the mature stage, then decreased to 120 km at the decaying stage. Cyclonic vorticity was a maximum over tthe center. It increased from a value of 1.5 x 10-4 s-1 at the intensifying stage to a value of 2.5 x 10-4 s-1 at the mature stage, then decreased to a value of 1.5 x 10-4 s-1 at the decaying stage. Similar changes were observed for the convergence over the low center. Taking -1.0 x 10-4 s-1 as an average value of convergence from intensifying to mature stage, it takes less than 2 h to increase the cyclonic vorticity from 1.5 to 2.5 x 10-4 s-1 solely based on vortex stretching consideration. The average time duration between the intensifying and mature stages, as presented in Table 2 , was about 9 h. This again indicated the important role played by the surface boundary layer frictional dissipation process in the mesolow dynamics. The mean cloud top temperature showed a clear decrease over and to the south of the low center, where the southwesterly wind speed increase was observed, at the mature stage. The frequency of deep convections (not shown) also increased dramatically over the same area. Therefore, the intensity of convective activities, and thus heavy rainfall occurrence, over and to the south of the low center seemed to be closely related to the intensification of the mesolow. This is also supported by the mean cloud top temperature averaged over the cyclonic circulation area of the mesolow at different stages. A value of -3.4°C, -19.3°C, and -8.6°C was obtained at the intensifying, mature, and decaying stages, respectively.
COMPOSITE STRUCTURE OF DIFFERENT SCALES
Five mesolows, as presented in Tables 1 and 3, can be grossly classified into 2 types. Cases 2 and 5 belong to type A which originated to the west of 118°E and had a larger horizontal scale with heavy rainfall occurr ence to the south of the low center. The other 3 cases belong to type B which formed locally to the northwest or southwest of Taiwan and had a small horizontal scale with heavy rainfall occurrence over the mesolow area. Therefore, it seems reasonable to expect the similarities and differences for the different scales of mesolows. Composite structure of meso-a scale (> 200 km) and meso-/3 scale ( < 200 km) mesolows was then obtained and presented in Figures 10 and 11 . It is clear from Table 3 that the meso-a scale mainly consisted of cases 2 and 5 and the meso-/3 scale consisted of the other 3 cases.
Meso-a scale low had a greater pressure gradient, dee p er center pressure, and larger perturbation pressure amplitude as compared to the meso-p scale. The wind speed was stronger over the meso-o: low area as would be expected from the greater pressure gradient. One of the very interesting features in the wind field was the existence of a southwesterly wind maximum (> 8 kt) to the south of the mesa-a: low center. This southwesterly wind maximum was also supported by a greater pressure gradient over the same area. The heavy rainfall occurrence to the south of the meso-o: scale low center was consistent with the stronger southwesterly flows which presumably had more efficient moisture supply for the deep convections. Meso-a low also had relatively stronger cycloniC vorticity and convergence over the low· area. The mean cloud top temperature and frequency of deep convections (not shown) were in agreement with the relative position of heavy rainfall occurrence. The meso a low had heavy rainfall occurring to the south of the center; the meso-(3 low, over the low area.
DISCUSSION AND CONCLUSIONS
The mesolows observed to the west of the Central Mountain Range, particularly to the northwest and southwest of Taiwan, have been suggested to be closely related to the heavy George T.J. Chen and C.C. Wan g 8 kt (4 ms-1 ), in (c) positive vorticity greater than 1 x 10-4 s-1, and in (d) convergence greater than -0.5
x 10-4 s-1• ows. Fig. 11 Same as Fig. 10 , but for the meso-,8 scale l rainfall event during the Taiwan Mei-Yu season (Chen, 1979; Chen and Chi, 1980; Chen, 1990 ). However, the basic understanding of questions such as detailed structure and dynamic processes of the mesolow as well as the specifi c dynamic link between the convection and the mesolow has been greatly hampered by the limited data over the adj acent ocean. To alleviate this problem, the composite technique was employed for 5 cases of mesolows which were accompanied by heavy rainfal l over or to the south of the mesolow.
Similarities and differences in structure were found among all of the 5 cases. The mesolow that formed and migrated along the Mei-Yu front (cases 2 and 5) had a larger hori zontal scale, a longer time duration, and a deeper center pressure than the other 3 cases. The heavy rainfall for these 2 cases occurred to the south of the mesolow where the convections were also stronger as indicated by the much lower mean cloud top temperature and much higher frequency of deep convections over the same area as compared to the other 3 cases. The mesolow that fo rmed locally to the northwest (case 1) and southwest of Taiwan (cases 3 and 4), on the other hand, had a smaller horizontal scale, a shorter time duration, and a weaker center pressure. The heavy rainfall for these 3 cases occurred over the mesolow area where convections prevai led but were less active than those of the other 2 cases.
For cases 2 and 5, the heavy rainfall occurred to the south of the low center where the stronger southwesterly winds and the greater pressure gradient were observed. This is consistent with what would be expected for the stronger southwesterly flow that presumably had more efficient moisture supply for the deep convections. The fact that heavy rainfall and deep convections occurred, either over the me solow area or to the south of the low center, over the area of maximum horizontal convergence suggested the -important role of the surface boundary layer (frictional) convergence in regul ating the behavior of convections.
Another possible. role played by the surface friction was that it tended to counteract the vortex stretching process in the evolution of the mesocyclone.
The mesolows formed locally over a relatively warm area to the northwest of Ta iwan (case 1) and to the southwest of Taiwan (cases 3 and 4) under the prevailing northeasterly flows in agreement with the previous numerical study (Chem and Sun, 1989) and observa tional studies (Chen et al., 1989; Chen and Hui, 1990; Chen and Liang, 1992) . The blocking effect of the CMR of the low-level northeasterly cold air, thus, appeared to be important in the formation of mesolows to the west of the CMR. Although these lows were weaker in the pressure field, they had a similar intensity in cyclonic vorticity and convengence over the low center as compared to the lows migrating along the Mei-Yu front. The stronger winds in the prevailing northeasterly fl ows, presumably over the ocean are a, occurred to the north/northwest of the low center. This suggested that the shear vorticity due to the land-sea differential fri ction over the mesolow area was perhaps one of the important mechanisms for the formation and maintenance of the mesocyclone to the northwest and southwest of Tai wan.
The composite structure at different life stages showed that a maximum intensity in cyclonic vorticity was reached at mature stage as would be expected from the criteria of stage classification. It is also true for the convergence, the pressure, the mean cloud top temperature, and the frequency of deep convections. An interesting fe ature at the mature stage was that an area of maximum southwesterly flows developed to the south of the low center where the pressure gradient increased dramatically from the intensifying stage. Therefore, the deep convections and thus the heavy rainfall over and to the south of the mesolow center tended to be closely associated with the formation and intensifi cation of the mesolow through the enhanced southwesterly flows and the boundary layer convergence.
A scale dependence in the structure was observed in the composite of the mesa-a and meso-/3 lows. The difference was mainly a refl ection of the migrating (mesa-a cases 2 and 5) and the locally formed quasi-stationary (meso-,8 cases 1, 3, and 4) lows. The meso-a:: low had . a greater pressure gradient, deeper center pressure, stronger wind, stronger cyclonic vorticity, and greater convergence. The reverse was true for the meso-,8 Jow. The meso-a:: low had heavy rainfall and deep convections which occurred to the south of the low center; the meso-,8 low, over the low area. Although cyclonic circulation was observed over the mesolow area for both scales, the cross-isobaric ageostrophic ft.ow was evident. This suggests that a semi-geostrophic model, such as that used by Lin (1 989, 1990) , is needed in the theoretical and numerical studies of the mesolow. Using a composite technique, detailed structure was obtained and dynamic processes were inferred for the mesolow to the west of the CMR in the Taiwan Mei-Yu season. The similarities and differences among all of the 5 cases were presented. The time and space-scale dependences of . the mesolow were discussed. Results from this study provided observational evidence to the questions of the formation process of the mesocyclone and the dynamic link between the heavy rainfall/deep convections and the mesolow.
